There have been extensive research efforts on organic electroluminescent devices (OELDs) with the aim of application for the flat panel display (FPD) . OELDs have also attracted much interest because of their particular low driving voltage, convenient design of the device structures, possible control of emission band, and low fabrication cost compared with any other devices. 1, 2 OELDs can be classified as either molecular or polymer-based. Molecular-based devices consist of vacuum deposited fluorescent emitter layers whereas polymer-based devices consist of either spinor dip-coated layers. 3, 4 Most of the research in the field of polymer-based electroluminescent devices has focused on main-chain conducting polymers such as poly(plenylene vinylene) (PPV), poly(p-phenylene) (PPP), their copolymers and soluble derivatives. 5, 6 Other groups have reported nonconjugated polymers with pendant chromophores for OELDs. [7] [8] [9] [10] The attachment of the fluorophore as the pendant group of a random-coil polymer presents several advantages: (1) the synthetic route would be simpler than that used for mainchain polymers; (2) the moderate solubility could be obtained by the nature of the backbone; (3) the emission wavelength would be easily controllable. We, recently, reported the PU polymer with the 4-(dicyanomethylene)-2-methyl-6-(4-dimethylaminostyryl)-4H-pyran (DCM) dye as the pendant. 11 Even though it is known that the PU backbone have many quenching sites, the turn-on voltage of the PU-DCM device was ca. 5 V. Also, the change of the fluorophores in the side chain from para-cyanostilbene (PU-CN) to DCM (PU-DCM) caused the shift of PL emission wavelength. For the PL emission spectra of PU-CN and PU-DCM, the maximum peaks were at ca. 520 and 630 nm, respectively. The maximum EL peaks of the PU-CN and PU-DCM devices were positioned at ca. 520 and 630 nm, respectively, corresponding to the maximum PL peaks. Therefore, EL, and PL properties can be changed using different lumophore pendant groups possibly caused by the electron withdrawing effect of the DCM pendant. In the present work, PU derivatives with stilbene pendant containing one or two fluoro group were synthesized. Also, one or two trifluoromethyl group were introduced on the stilbene side chain. OELDs using polyurethane derivatives with stil-bene pendants were fabricated to investigate the effect of the electron withdrawing substituents of the lumophore pendant on the EL and PL properties. Since PU derivatives possess different electron withdrawing substituents on the stilbene pendant, the shift of emission wave-length is expected.
Experimental Section
The overall pathway of the synthesis of the PU derivatives with substituted stilbene pendants is presented in Scheme 1. In the first step, the hydroxy group of diethanolaniline 1 was protected by using acetic anhydride in pyridine. The aldehyde functional group was introduced at the para position by using POCl 3 and DMF with acetyl-protected diethanolaniline. Deprotection of the acetyl groups by using aqueous NaOH solution provided the aldehyde 2 12a in 41% overall yield from 1. The aldehyde 2 was coupled with the phosphonium salts 7-10 using t-BuOK/THF-EtOH solution Scheme 1 in 63-81% yields. The phosphonium salts 7-10 were produced from the corresponding substituted benzylhalide 3-6 and triphenylphosphine in DMF in 95-98% yields. 13 The polymerization of these monomers 11-14 12b-e was achieved using toluene 2,4-diisocyanate (TDI) in DMF in 67-96% yields. The number-average molecular weight (M n ), weightaverage molecular weight (M w ), and polydispersities of the resulting polymers, as determined by gel permission chromatography, were in the range of 3358-17010, 3377-41748, and 1.11-2.52, respectively. The structures of the resulting polymers were identified by FT-IR spectroscopy with KBr pellets. The decomposition temperature (T d ) was measured using the TGA under nitrogen atmosphere.
Results and Discussion
The comparison of the FT-IR spectrum of the polymers with those of the starting monomers showed a C=O stretching vibration band at 1710 cm −1 , which is characteristic of the urethane group and indicates the formation of urethane. The results of TGA reveals that polymers are quite stable. The polymers with stilbene chromophore exhibit onsets for degradation in the range of 225-280 o C. The DSC data of the glass transition temperature (T g ) for the polymers was estimated at 150 o C and no melting point was detected, indicating that it represents a no crystalline phase. The DSC results show that these polymers possess high T g , which could be advantageous for the PLED device fabrication and helpful for the device longevity.
Inspection of the UV-vis absorption spectra of the monomers and polymers (Figure 1, 2) shows that the introduction of the electron withdrawing substituents at the stilbene is leading to the red shift.
The photoluminescence spectra (Figure 3, 4) show the same tendency as compared to those of UV-vis spectra. The substitution with two fluoro groups at the stilbene generated red shift as compared to that of mono fluoro group. And the substitution with two trifluoromethyl groups also generated red shift as compared to that of mono trifluoromethyl group. Figure 5-7 show the current-voltage-electroluminescence characteristics measured from PU-F (15), PU-2F (16), and PU-CF3 (17), respectively. The forward bias current was obtained when the ITO is a positive electrode and Al electrode is negative. The forward current was increased with increasing forward bias voltage for all devices. The turn-on voltage of the PU-F (15) is higher than PU-2F (16).
In conclusion, it has been focused on the design and synthesis of the new polyurethane EL polymers with chromophores in side chains. The stilbene chromophores with electron withdrawing groups were synthesized in good yields. Introduction of the electron withdrawing substituents at the stilbene side chain is leading to the red shift in UV-vis and PL spectra. OELDs using the new polyurethane (PU) derivatives with different lumophore pendants were fabricated. The current density (J ) voltage (V ) EL intensity (L) of the OELDs were characterized. 
